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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utility application serial numl>er 
09/454.139, attorney docket number 25791.3.02. filed on 12/3/1999, which claimed the 
benefit of the filing date of U.S. provisional patent application serial number 
60/1 1 1 .293. attorney docket numljer 25791 .3, filed on 12/7/1998. the disclosures of 
whk^ are incorporated herein by reference. 

This appllcatton Is related to the following: (1 ) U.S. patent applicatton serial no. 
09/454,139. attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
appllcatk)n serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791 .8.02. filed 
on 2/10/2000. (4) U.S. patent applicafion serial no. 09/440,338, attorney docket no. 
25791.9.02. fiied on 11/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 .1 1 ,02. filed on 3/10/2000, (6) U.S. patent appikiation sdrial 
no. 09/512.895. attorney docket no. 25791 .12.02. filed on 2/24/2000, (7) U.S. patent 
applicatton serial no. 08/51 1 .941 . attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791 .17.02. fited 
on 6/7/2000. (9) U.S. patent application serial no. 09/558,122, attiamey docket no. 
25791.23.02. filed on 4/26/2000. (10) POT patent appHcatton serial no. 
PCT/US00/18e35. attorney docket no. 25791 .25.02. fited on 7/8/2000, (11) U.S. 
provisional patent applteatton serial no. 60/162.671. attorney docket no. 25791.27. fited 
on 11/1/1999. (12) U.S. provistenal patent applteatton serial no. 60/154.047. attorney 
docket no. 25791.29. fited on 8/16/1999. (13) U.S. provtetonal patent application serial 
no. 60/159.082. attorney docket no. 25791 .34. fited on 10/12/1999. (14) U.S. 
provisional patent appltoatlon serial no. 60/159,039, attorney docket no. 25791.36. fited 
on 10/12/1999. (15) U.S. pro>risk}nal patent application serial no. 60/159.033. attorney 
docket no. 25791 .37, filed on 10/1 2/1 999. (16) U.S. provlskwial patent application serial 
no. 60/212.359, attorney docket no. 25791 .38. filed on 6/19/2000. (17) U.S. provisional 
patent applicatton serial no. 60/165,228. attorney docket no. 25791.39, filed on 
11/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attonwy 
docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial 
no. 60/221.645, attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional 
patent appfication serial no. 60/233.638. attorney docket no. 25791 .47. filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334. attorney 
docket no. 25791 .48, fited on 10/2/2000. and (22) U.S. provistonal patent appllcatton 
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serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001. the disclosures 
of which are incorporated herein by reference. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to wellbore 
5 casings that are formed using expandable tubing. 

Conventionally, when a wellbiDre is created, a numt>er of casings are installed in 
the borehole to prevent coitapse of the borehole wail and to prevent undesired outflow 
of drilling fluid Into the fonmation or inflow of fluid from the fbnnation Into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
1 0 borehole inten^al is lowered through a prBvk>usly Installed casing of an upper txmhole 
inten^l. As a consequence of this procediro the casing of the lower interval is of 
. smaller diameter than the casing of the upper Intend. Thus, the casings are in a 
nested anangernent with casing diameters decraasing in downvrard directly Cennent 
anniili are provided between the outer surfaoes of the casings and the borehole wall to 
15 seal the casings from the borehole wall. As a consequence of this nested arrengement 
a relatively large borehole dianietar Is required at the upper part cf the vi^ Sudi 
a laige borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluM and ddil cuttings. 
Moreover, incraased drilling rig time Is involved due to required cement pumping, 
20 cement liardenlng, required equipment changes due to large variations in liole 

diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitations of 
ttie existing procedures for fomnlng new sections of casing in a wellbore. 
25 Summary of tiie Invention 

According to one aspect of tiie present invention, an apparatus for forming a 
wellbore casing in a t)orehole located in a subterranean formation including a 
preexisting wellbore casing is provided that includes a support memtier including a first 
fluid passage, an expansion cone coupled to ttie support memt>er Including a second 
. 30 flukJ passage fluidicty coupled to ttie first flukJ passage, an expandable tubular liner 
movably coupled to the expansion cone, and ah expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect qf ttie present invention, a shoe is provided that 
includes an upper annular portion, ari intemnedlate annular portion, and a lower annular 
35 portion. The intermediate annular portion has an outer drcumference that is larger 
ttian tiie outer circumferences of ttie upper and lower annular portions. 
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According to another aspect of the present invention, a method of fonning a 
wellbore casing In a subterranean formation having a pree)dsting wellbore casing 
positioned in a t)orehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 

5 injecting a fiuidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fiuidic material into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for fbmiing 
a wellbore casing in a subtenranean formation having a preexisting wellbore casing 
positioned in a borehole is provided that includes means for installing a tubular liner, an 

1 0 expansion oone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portiori of the tubular 
liner. 

Aooofdlng to anather aspect of the present invention, an apparatus for forming 
a welibore casing wtthin a suUenarieari fbnnation indudinga premisting wellbore 

1 5 casing positioned In a borehole is provided that includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overiapping portion of the 
preexisiing wellbore casing. The inside diameter of the radially expanded tubular Hner 
is substantially equal to the inside diameter of a non-overiapping portion of the 
prendsting wellbore casing. 

20 According to another aspect of the present Invention, a welbore casing 

positioned in a borehole within a subten^nean fbmiatlon is provided that includes a first 
wellbore casing, and a secorid wellbore casing coupled to and overiapiring with the first 
wellbore casing. The second wellbore casing is coupled to the first wellbore casing by 
. the process of: installing the second wellbore casing, an exparision cone, and a shoe In 

25 the borehole, radially expanding at least a portion of the shoe by inJecHr^ a fiuidic 
material into tt^ shoe, and radially expanding at least a portion of the second wellbore 
casing by Injec&ng a fiuidic material Into the IxMBhole below the expansion oone. 

/^cording to another aspect of the present Invention, a method of forming a 
tubular stmcture in a subterranean formation having a pree)dsting tubular member 

30 posfttioned in a borehole is provided ttiat includes installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fiuidic material Into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fiuidic material Into the t>orehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for fonming 

35 a tubular structure In a subterranean formation having a preexisting tubular member 
positioned in a borehole 16 provided that Includes means for installing a tubular liner, an 
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expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 

5 a tubular stmcture within a subterranean fonmation including a preexisting tubular 
member positioned in a borehole is provided that includes a tubular liner and means for 
radially expanding and coupling the tutHjIar liner to an overlapping portion of the 
preexisting tubular member The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overtapping portion of the 

10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole withiri a subterranean formation is provided that includes a first 
tubular menfiber and a seoorKl tubular member coupled to and overlapping wKh the first 
tubular mentber. The second tubular member Is coupled to the first tubular member by 

15 the process of. Installing the second tubular member, an expansion cone, and a shoe 
in the borehois, radially expandlhg at least a portion of the shoe by injecting a fiuidic 
material into the shide, and radially ^cpanding at least a portion of the second tubular 
member 1^ injecting a fluldic material into the borehole below the expansion cone. 

Brief Description of. the Drawings 

20 FIG. 1 is a fragmentary cross-secUonal vtew Illustrating the driiiing of a new 

section of a well borehole. 

FIG. 2 a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a monoKiiameter wellbore casing within the 
new section of the well boreiriole of FIG: 1 . 

25 FIG. 2a is a cross-sectionai view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a cross-sectionai view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-sectional view of another portion of the shoe of the apparatus 
30 of FIG. Z 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. Z 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentaiy cross-sectional view illustrating the Injection of a 
hardenable fiuidic sealing material through the apparatus and into the new section of 
the well txDrehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG, 3a. 

FIG. 4 is a fragmentary cross-sectional view Illustrating the Injection of a fluidic 
material into the apparatus of FIG. 3 in order to fluididy isolate the interior of the shoe. 
10 FIG. 4a is a cross-sectional view of a portion (tf the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is.a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectional view illustrating the radial e}pansion of ttie shoe of 

15 FIG. 4. 

FIG. 6 Is a cross-sectional view illustrating tiie lowering of ttie expandable 
expansion cone into the radially expanded shoe of ttie apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 Is a cross-sectional view BlustratingUie injection of fluidic rnatart^ 

the radially expanded shoe of ttie apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view illustrating ttie completion of ttie radial 
expansion of the expandable tubular meml)er of ttie apparabjs of FIG. 8. 

FIG. 10 is a cross-seclional view illustrating the removal of ttie bottom portion of 
25 the radially expanded shoe of ttie apparatus of FIG. 9. 

FIG. 1 1 1s a cross-sectional view illustrating ttie fonnation of a nrK>no-diameter 
weiibore casing that includes a plurality of overlapping mono-diameter weilbore 
casings. 

FIG. 1 2 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a mono^iameter weilbore casing 
within the weilbore of FIG. 1 . 

FIG. 12a is a crossrsecUonal view of a portion of ttie shoe of ttie apparatus of 
FIG. 12, 

FIG. 12b is a cross-sectional view of a portion of ttie shoe of ttie apparatus of 
35 FIG. 1Z 
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FIG. 12c is a cross-sectlonai view of another portion of the shoe of the 
apparatusof FiG. 12. 

FIG. 1 2d is a cross-sectional view of another portion of the shoe of tiie 
apparatus of FIG. 12. 

5 FIG. 13 is a fragmentary cross^ectipnal view illustrating the injection of a 

hardenable fluidic sealing nurterial through the apparatus and Into the new section of 
the well borehole of FIG. 12. . 

FIG. 13a Is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 13. 

10 FIG. 14 is a fragmentaiy cfpss-secdonal view illustrating the injection of a fluidic 

material into the apparatus of FliS. 13 in order to fluididy isolate the interior of the shoe. 

FIG. 1 4a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

RG. IS is a cross-secUonal view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FiG. 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone Into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expemsion of the expandatile 
expmslon cone of the apparatus of FIG. 16. 
20 FIG. 18 Is a cross-seeUonai view iliustFBting the irijeclionoffiuidlc material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-secUonal view illustrating the completion of the radial 
expansion of the expandat)le tubular member of the apparatus of FiG. 1 8. 

FIG. 20 Is a cross-sectional view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodiments 
Refening Initially to FIGS. 1 . 2. 2a, 2b. 2c 2d. 2e. 3, 3a, 3b. 4, 4a, 4b. and 5- 
10, an embodiment or an apparatus and method for forming a mono<liameterwellbore 
casing within a subtenanean formation will now be described. As illustrated in Rg. 1 . a 
.30 weilbore 100 Is positioned in a subtenanean fomiation 105. The wellbore 100 Includes 
a pre-e)dsting cased section 110 having a tubular casing 1 1 5 and an annular outer 
layer 120 of a fluidic seaOng material such as. for exarnple. cement The weilbore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
embodiments, the pre-existing cased section 1 10 does not include the annular outer 
35 layer 120. 
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In order to extend the wellbore 100 into the subterranean formation 105, a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
formation 105 to form a new wellbore section 130. In a prefenned embodiment, the 
inside diameter of the new wellbore section 130 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As illustrated in FIGS. 2, 2a, 2b, 2c 2d, and 2e, an apparatus 200 for fbmiing a 
wellbore casing in a subterranean formation is then positioned in the new section 130 
of the wellbore 1 00. The apparahjs 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
10 portion 210a. an intermediate portion 210b, an upper portion 210c. and an upper en6 
portion 210d. 

The expansion cone 205 may be any number of oxwentional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may be controllably expandable in the radial direction, l^r exarnple, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,01 2,523, the disclosures of which are 
incorporated Kerein by reference. 

The tubular member 21 0 may be febrlcated from any number of conventional 
oommerdally available materials such as, for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a prefened 

20 embodiment, the tubular member 210 is febricated from OCTG in order to maximize, 
strength after expansion. In several aHemativa embodiments, the tubular member 21 0 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited Id between about 40 to 20,000 feet In 
length. 

25 The lower portion 210a of the tubular member 210 preferably has a larger 

inside diameter than the upper portion 210c of the tubular member. In a prefemed 
embodiment, the wall thickness of the ^mnediate portion 210b of the tubular nriember 
201 is less than the wall thickness of the upper portion 210c of the tubular member in 
order to fadlitato the initiation of the radial expansion process. In a preferred 

30 embodiment, the upper end portion 21 Od of the tubular member 21 0 is slotted. 

perforated, or otherwise nKxiifted to catch or stow down the expanskxi cone 205 when 
it completes the extrusion of tubular member 210. In a prefened embodiment wall 
thickness of the upper end portion 210d of the tubular member 210 is gradually tapered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansion process. In this manner, shock loading conditions 
during the latter steges of the radial expansion process ana at least minimized. 
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A shoe 21 5 is coupled to the lower portion 210a of the tubular member. The 
shoe 21 5 includes an upper portion 215a, an intermediate portion 215b. and lower 
portion 21 5c having a valveable fluid passage 220 that Is preferably adapted to receive 
a plug, dart or other similar element for controitably sealing the fluid passage 220. In 

5 this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements Into the fluid passage 220. 

The upper and lower portions. 21 5a and 21 5c of the shoe 21 5 are preferably 
substantially tubular, and the intermediate portion 215b of the shoe Is preferebly at 
least partially folded inwardly. FurthemKxe, in a preferred ertibodiment, when the 

10 intemnediate portion 215b of the shoe 215 is unfolded by the application of fluid 

pressure to the Interior region 230 of the shoe, the Inside and outside diameters of the 
intemnediate portion are preferably both greater than the Inside and outside diameters 
of the upper and lower portions. 215a and 215a In this manner, the outer 
circumference of the intermediate portion 21 Sb of the shoe 215 Is preferably greater 

15 than the outside drcumferenoes of the upper and lower portions, 215a and 215b, of the 
shoe. 

In a preferred embodiment, the shoe 215 further includes one or more through 
and side outlet ports in fluidie communication with the fluid passage 220. In this 
nnanner. the shoe 215 optimally injects hardenable fluidic sealing malerial into the 

20 region outside the shoe 21 5 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion oone 205 for supporting the apparatus 200. The fluid passage 22Sa Is 
preferably fluidicty coupled to ttie fluid passage 205a. In ttiis manner, fluidic materials 

25 may be oonyeyed to and from tiie region 230 below the expansiori cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluididy coupled to 
the fluid passage 225a and includes a conventional control valve. In this manner, 
during plaoement of the apparatus 200 within the wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a preferred embodiment, the support member 

30 225 further includes one or more conventional centraiizers (not illustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 1 00, the fluid 
passage 225a is preferably selected to transport materials such as. for example, drilling 
mud or fbnration fluids at flow rates and pressures ranging from about 0 to 3,000 

35 gallons/minute and 0 to 9,000 psi In order to minimize drag on ttie tubular member 
being mn and to minimize surge pressures exerted on the wellbore 130 which could 
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cause a loss of wellbore fluids and lead to hole coiiapse. During placement of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey flutdic materials at flow rates and pressures ranging fipm about 0 to 3,000 
gallons/minute and 0 to 9.000 psi in order to reduce the drag on the apparatus 200 

5 during insertion Into the new section 1 30 of the wellbore 1 GO and to minimize surge 
pressurss on the new wellbore section 130. 

A cup seal 235 Is coupled to and supported by the support memt)er 225. The 
cup seal 235 prevents foreign materials from entering the Interior region of the tubular 
niember 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

1 0 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure, in a preferrBd embodiment, the cup seal 235 is ia 
SIP cup seal, available from Halliburton Energy Services In Dallas. TX in order to 
optimally blodc foreign material and oontarin a body of lubricant In several aKemative 

1 5 embodiments, fttB cup seal 235 may include a plurality of cup seab. 

One or more sealing menfters 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 210d of the tubular member 210. The 
sealing members 240 preferably provide aft overiappihg Joint between the lower end 
portion 115a of the casing 115 and the upper end portion 21 Od of the tubular member 

20 210. The sealing nriembers 240 inay be any nuntt)er of oonveotioruiiooniv^ 

available seals such as, for example, lead, rubber, Tefloni or epoxy seals nruxlified in 
accordance with the teachings of the present disclosure. In a preferred embodiment, 
the sealing members 240 ars molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a load bearing Interference 

25 fit between the upper end portion 210d of the tubular member 21 0 and the lower end 
porton 115a of the existing casing 1 15. 

In a prefenred embodiment, the sealing memt)ers 240 are selected to optimally 
provide a sufficient frictional force to support tt)e expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the frictional force optimally 

30 provided by the sealing nf)embers 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular nnember 210. 

In an alternative embodiment, ttie sealing members 240 are omitted from the 
upper end portion 21 Od of the tubular member 21 0, and a toad bearing metal-to-metal 
interference fit is proN^ded between upper end portion of the tubular member and the 

35 lower end portion 1 1 5a of ttie existing casing 1 1 5 by plastically deforming and radtaiiy 
expanding the tubular member into contact witti the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
this manner, the iaxtnjsion of the tubular member 210 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any number oonventionat commercially 



5 available lubricants such as, for example, Lubripiat^ chlorine based lubricants, oil 
t>ased lubricants or Climax 1500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 Is Qimax 1500 Antisieze (3100) availat>le from Qimax Lubricants and 
Equipment Co. in Houston, TX in order to optimaUy provide optimum lubrication to 
facilitate the expansion process. 

10 In a preferred embodiment, the support nfiember 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
apparatus 200. 

15 In a praferred embodiment, befors or after positioning the apparatus 200 within 

the new section 130 of the wellbone 100, a couple of weHbore volumes are circulated in 
order to ensure that no fbrsign materials m located within the weilborie 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferss with the expansim process. 

20 As Illustrated In FIGS. 2 and 2e, in a prsferred embodinrient, during plaoement 

of the apparatw 200 within the wirilbore 100, fluldic materials 250 within the wellbore 
that are displaced by the app&ratus are at least partially conveyed through the fluid 
passages 220, 205a, 225a, and 225b. In this manner, surge pressures created by the 
plaoement of the apparatus within the wellbore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a, and 3b, the flijrid passage 225b is then dosed and 

a hardenaUe fluldic sealing material 255 is then pumped from a surface, location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 21 5 below the expansion cone 
205. The material 255 then passes from the Interior region 230 Into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
t)etween the exterior of the tubular member 210 and the interior wall of the new section 
130 of the wellt)ore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular region 260. 



35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ,500 

gallonsAnin, respectively. The optimum flow rate and operating pressures vary as a 




The material 255 is preferably pumped into the annular region 260 at pressures 
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function of the casing and wellbore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemnined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

commercially available harder^bte fluidic sealing materials such as, for example, slag 
mix. cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 Is a blended cement prepared specffically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

1 0 support for tubular nnend>er 21 0 while also maintaining optimum flow charactertetics so 
as to minimize difficulties during the displacement of cement in tiie annular region 260. 
The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In several aHemattve endiodiments, the hardenable fluidic sealing 
material 255 Is compressible before, during, or after curing. 

15 The annular region 260 prefmbly is filled with the niaterial^^ 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 wiil be filled wKh the material 
255. 

In an altemaUve embodinnent, the injecHon of the material 255 Into the annular 
20 region 260 is omitted* or is provided after the radial expansion of ttie tubular member 
210. 

As illustrated In FIGS. 4, 4a, and 4b, once the annular region 260 has been 
adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into ttie fluid passage 220, thereby fluldidy Isolattng the interior region 230 from-the 

25 annular region 260. In a preferred embodiment, a non-hardenable M6to mat^l 270 
is ttien pumped into the interior region 230 causing the interior region to pressurize. In 
tills manner, the interior region 230 of the expanded tubular member 210 will not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
ttie cost of ttie entire process. AKematively, the material 255 may be used during'thls 

30 phase of the process. 

As illi^trated in FIG. 5, In a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 230 and unfolds tiie intermediate portion 
21 5b of ttie shoe 215. In a preferred embodiment, the outside diameter of ttie unfolded 
intenmediate portion 215b of the shoe 215 is greater than the outside diameter of the 

35 upper and tower portions, 21 Sa and 215b, of the shoe. In a preferred embodiment, ttie 
inside and outside diameters of the unfolded intermediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 215a and 215b, of the shoe. In a preferred embodiment, the inside diameter 
of the unfolded intenmediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 1 5 in order to optimally 

5 facilitate the formation of a mono-diameter wellbore casing. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 205 js 
then lowered into the unfolded intermediate portion 21 5b of the shoe 21 5. In a 
preferred embodiment, the expansion cone 205 is lowered into the unfolded 
intermediate portion 215b of the shoe 215 until the bottom of the e3q>anslon cone is 

1 0 proximate the lower portion 21 5c of the shoe 215. In a preferred embodiment, during 
the lowering of the expansion cone 205 into the unfolded intemnediate portion 215b of 
the shoe 215. the material 255 within the annular region 260 and/or the bottom of the 
wellbCTO section 130 maintains the shoe 215 in a substantially stationary position. 
As Illustrated In FIG. 7, in a prafened embodiment, the outside diameter of the 

IS expansion cone 205 is then Increased. In a prefened embodiment, the outside 
diameter of the expansion cone 205 Is increased as disclosed in U.S« patent nos. 
5.348,095. and/or 6.012,523, the disdoisures of which are bnoorporate herein by 
reference, in a preferred en^iment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexisting 

20 wellbore casing 115. 

In an dtemative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially eixpanded. In this 
manner, the upper portion 210c of the shoe 210 may be radially expanded by the radial 
expanslOT of the expansion cone 205. 

25 In another aKemative embodiment, the expansion oone 205 is not radially 

expanded. 

As illustrated in FIG. 8, in a prefened embodiment, a fiuidic material 275 is then 
injected Into the region 230 through the fluid passages 225a and 205a. In a prefened 
embodiment, once the interior region 230 becomes suffidentiy pressurized, the upper 

30 portion 215a of the shoe 215 and the tubular member 210 are preferably plastically 
deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred embodinient, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 115 that overiap with one another are simultaneously plastically 

35 deformed arid radially expanded, in this n^nner, a mono-diameter wellbore casing 
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may be formed ttiat indudes the preexisting welibore casing 1 1 5 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a prefened embodiment, during the 
extrusion process, the expansion cone 205 Is raised at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tutuilar member 210 
stationary relative to the new welibore section 130. In this manner, an overlapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may t>e optimally fonmed. In an aKemative preferred 
embodiment, the expansion cone 205 is maintain^ In a stationary position during the 
extrusion process thereby allowing the tubular member 210 to exbude off of the 
expansion cone 205 and into the new welibore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefenBd embodiment, when the upper end portion 210d of the tubular 
member 210and the lower portion of the preexisting casing 115 that overtap with one 
another are plastically defomied and radially expanded by the expansion cone 205. the 
expansion cone 205 Is displaced out of the welibore 1 00 by both the operating 
pressure wlhin the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overiapping joint between the lower portion of the preexisting casing 115 
and the radially expanded tubular member 210 preferably provides a gaseous and 
fluMic seal. In a particularty preferred embodiment, the sealing members 245 optlnnally 
provide a fluidic and gaseous seal in the overtapping joint In an alternative 
embodiment, ttie sealing members 245 are omitted. 

In a prefened embodiment, the operating pr^ura and fk)w rate of the fluidic 
material 275 is controltebly ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden ratease 
of pressure caused by the complete extrusion of the tubular member 21 0 off of the 
expansion cone 205 cari be minimized. In a prefenred embodiment, the operating 
pressure Is reduced in a substentialty linear ^hion from 100% to about 10% during 
the end of the extrusion process beginning when the expansion cone 205 Is within 
about 5 feet from completion of the extrusion process. 

Altematively, or in combination, the wall thickness of the upper end portlori 
210d of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically deforming and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Altematlvely. or In combination, a shock absorber Is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 

5 The shock absorber may comprtee, fw example, any convenfonal commercially 
available sh<Kk absorber, bumper sub, or jars adapted for use in wellbore operattons. 

Alternatively, or In combination, an expansion cone catching stnjcture is 
provided in the upper erid portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 

10 in a prefenred embodiment, the apparatus 200 is adapted to minimize ten^le, 

burst and frictkKi effiects upon the tubular member 210 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
material oompositton of the tubular menrrt)er 210 and mcpanston cone 205, the Inner 
diameter of the tubular member 2ia the wail thickness of the tubular member 210, the 

15 type of lubricant, and the yieki strength of the tubular member 210. in general, the 
thicker the wall thk^ness, the smaller the Inner diameter, and the greater the yield 
strength of the tubular member 210, then the greater the operating pressures required 
to extnide the tubularmember 21 0 off of the expansion cone 205. 

For typical tubular membens 210. the extrusion of the tubular member 210 off of 

20 the expansion cone 205 w9l begin vi^n the pressure (rf the interior reg to 
reaches, for example, approximateiy 500 to 9,000 psi. 

During the extniston process, the expansion oone 205 may be raised out of the 
expanded portion of the tubular nnenr4>er 210 at rates ranging, for example, from about 
0 to 5 ft/sea In a prefenred embodiment, during the extrusion process, the expansim 

25 cone 205 Is raised out of the e^qsanded portton of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 
process while also pemnitting easy control of the expansion process. 

As illi^trated In FIG. 9, once the extrusion process is completed, the expansion 
cone 205 Is remcw6 from the wellbore 100, In a preferred embodiment, either before 

30 or after the removal of the expansk>n cone 205, the integrity of the fluklic seal of the 
overlapping joint between the upper end portton 21 Od of ttw tubular menf)ber 21 0 and 
the lower end portton 1 1 5a of the preexisting wellbore casing 1 1 5 is tested using 
oonventkxiat methods. 

In a prefened embodiment if the fluidic seal of the overlapping Joint between 

35 the upper end portion 21Qd of the tubular member 210 and the lower end portton 1 15a 
of the casing 1 15 is satisfactory, then any uncured portion of ttie material 255 witiiin the 
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expanded tubular member 210 is then removed in a conventional manner such as. for 
example, circulating the unoired material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
5 out any hardened material 255 within ttie tubular member 210. In a preferred 
embodiment, the material 255 within Uie annular region 260 is then allowed to fully 
cure. 

As illustrated In FIG. 10, the bottom portion 215c of the shoe 215 may then be 
removed by drilling out tiie bottom portion of ttie shoe using conventional drilling 

10 methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a preferred embodiment, ttie inside diameter of the 
extended porUm of ttie wellbore 1 00 Is greater ttian ttie inside diameter of ttie radially 
expanded shoe 215. 

As illustrated in FIG. 1 1 , ttie niettiod of FIGS. 1-10 may t>e repeatedly 

1 5 performed in order to provide a monoKlianrieter weHbore casing ttiat bidudes 

overlapping wellbore craings 115 and 210a-210e. The wellbore casing 115. and 210a- 
21 Oe pceferabiy include outer annular layers of fluidic sealing material. Aitemativety, 
the outer annular layers of fluMic sealing nriateriai may be ornl^ In ttiis manner, a . 
mono-dianneter wellbore casbig may be fbrnned within ttie subterranean fomnation that 

20 extends for tens (rf thousands of feet More generally still, tiro teachings of FIGS. 1-1 1 
may be used to form a monoHllameter wellbore casing, a pipeline, a sbudurai support, 
or a tunnel wittiin a subterranean formation at any orientation from ttie vertical to the . 
horizontal. 

In a prefened embodiment, ttie formation erf a mono-diameter wellbore casing. 
25 as illustrated in FIGS. 1-1 1 , is further provided as disclosed in one or more of the 

following: (lj U.S. patent application serial no. 09/454.139, attorney 6odkaX no. 

25791.03.02. filed on 12/3^1999. (2) U.S. patent application serial no. 09/510.913. 

attorney docket no. 25791.7.02, filed on 2^3/2000. (3) U.S. patent application serial 

no. 09/502.350. attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
30 application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, 

(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed 

on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 

25791 .1 2.02, filed on 2/24/2000. (7) U.S. patent application serial no. 09/51 1 ,941 . 

attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
35 no. 09/588,946, attomey docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent 

application serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000. 



16 



(10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791 .25.02. filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 
patent appiteatton serial no. 60/154,047. attorney docket no. 25791.29. filed on 
5 9/16/1 999. (1 3) U.S. provisional patent application serial no. 60/1 59,082. attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent appiicatkm serial 
no. 60/159,039. attorney docket no. 25791.36, filed on 10/li2/1999. (15) U.S. 
provisional patent application serial no. 60/159,033. attorney docket no. 25791.37. filed 
on 10/12/1999, (16) U.S. provisional patent applicatbn serial no. 60/212.359. attorney 

10 docket na 25791.38^ filed on 6/19/2000. (17) U.S. provisk}nal patent application serial 
no. 60/165.228. ettomey docket no. 25791.39, filed on 1 1/12/1999. (18) U.S. 
provisional patent applteatkxi serial no. 6W221.443. attorney docket no. 25791.45, filed 
on 7/28/2000. (19) U.S. provlstonal patent applteatlon serial no. 60/221.645. attorney 
docket no. 25791.46. fHed on 7/28/2000. (20) U,S. proviskmal patent ap^ 

15 no. 6(V233.638, attorney docket na 25791.47. filed on 9/18/2000. (21) U.S. provisional 
patent appiication serial no. 60/237.334, attorney docket no. 25791 .48, filed on 
10/2/2000. and (22) U.S. prpviskMial patent appiication serial no. 60/262.434. attorney 
docket no. 25791.51. filed on 1/17/2001. tiie disctosures of Awtilch are incorporated 
hmein by fefersnce. 

20 Refening to FIGS. 12. 12a. 12b. 12c. and 12d. in an alternative embodiment, an 

apparatus 300 for fomiing a mono<liameter wellbore casbig te posltxtned 
welibofB casing 1 1 5 that is substantially Mentk»l in design and operation to the 
apparatus 200 except that a shoe 305 is substituted fipr the shoe 215. 

In a prefenred einbodiment, the shoe 305 Includes an upper pdrtnn 305a. an 

25 intennediata portton 305b, and a tower portion 305c having a vdveabte fluid passes 
310 that is preferably adapted to receive a plug, dart, or other similar element for 
controllably sealing the fiuld passage 310 in this manner, the flukj passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elements hito the 
fluid passage 310. 

30 The upper and lower porttons, 305a and 305c, of the shoe 305 are preferably 

substantially tubular, and the intennediate portion 305b of the shoe includes 
comjgations 305ba-305bh. Furthennore, In a prefened embodiment, when the 
intemnediate portion 305b of the shoe 305 Is radially expanded by ttie application of 
flukJ pressure to the interior 315 of the shoe 305, ttie inside and outskie diameters of 

35 the radially expanded intenmediate portton are preferably both greater than the inside 
and outelde diameters of the upper and tower portions. 305a and 305a In tills manner. 
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the outer circumference of the internnediate portion 305b of the shoe 305 is preferably 
greater than the outer drcumferBnces of the upper and lower portions. 305a and 305c, 
of the shoe. 

In a preferred embodiment, the shoe 305 further includes one or more through 

5 and side outlet ports in fluidic communication with the fluid passage 31 0. in this 
manner, the shoe 305 optimally Injects hardenable fluidic sealing material into the 
region outside the shoe 305 and tubular member 210. 

In an alternative embodiment, the flow passage 31 0 is omitted. 

In a preferred embodiment, as illustrated in FIGS. 12 and 12d, during 

1 0 placement of the apparatus 300 within the wetlbore 1 00, fluidic materials 250 within the 
wellbore that are displaced by the apparatus are conveyed through the fluid passages 
310, 205a, 225d, and 22Sb. In this manner, surge pressures created by the placement 
of the apparatus within the weilbCKe 100 are reduced. 

In a preferred embodiment, as illuslrated in FIG. 13 and 13a, the fluid passage 

15 225b is then dosed and a hardenable fluidic sealing material 255 is then pumped from 
a surfece location Into the fhJid passages 2^ and izOSa. The material 255 then 
passes from the flidd passage 20Sa into the interior region 31 5 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 

20 annular region 260 between the exterior of the tubular member 21 0 and the interior wall 
of the new section 130of the welRxro 100. Continued pumping of the material 255 
causes the material to fill up at least a portion df the arinuiar region 260. 

The material 255 Is preferably pumped into the annular region 260 at pressures 
and flow rates ranglrig, for example, from about 0 to 5000 psl and 0 to 1 ,500 

25 gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbore sizes, wellbore sectton length, avaliabie pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detenmlned using oonventionai empirical 
methods. 

30 . The hanlenable fluidic sealing material 255 may be any number of conventional 
commerdally available hardenable fluidic sealing materials such as, for example, slag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 Is a blended cement prepared spedfically for the particular well section 
being drilled from Halliburton Energy Sendees In Dallas, TX in order to provide optimal 

35 support for tubular member 21 0 while also maintaining optimum flow characteristics so 
as to minimize difficulties during the displacement of cement in the annular region 260. 
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The optimum blend of the blended cement is preferably detemiined using conventional 
empirical methods. In several altemative embodiments, the hardenabte fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is fiUed with the material 255 in sufficient 
5 quantities to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the welibwe 100 will be filled with the material 
255. 

In an altemativiB embodiment, the injection of the material 255 into the annular 
region 260 is omitted. 

10 As illustrated In FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265, or other similar device, is introduoed 
Into the fluid passage 310, thereby fluididy Isolating the Interior region 315 from the 
annular region 260. In a preferred embodiment, a non-haudere^ fluidic material 270 
is then puniped into the Interior region 315 causing the interior region to press^ In 

15 tNs manner, the interior region 315 will iiot contain significant amounts of the cured 
matmial 255. This also reduces and simplifies the cost of the entire process. 
/Uterriatively. the material 255 may be used during thte phase of the process. 

As Illustrated in FIG. 15. in a preliBned embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 31 5 and unfolds the corrugations SOSba- 

20 305bh of the Intermedisfte portion 30Sb of the shoe 305. In a prsfoned embodiment, 
the outside diameter of the unfolded intemiediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions. 305a and 305b. Qf 
the shoe, in a preferred embodiment, the inside and outside diameters of the unfolded 
intemnediate portion 305b of the shoe 305 ere greater than the inside and outside 

25 diametdre, respedKreiyt of ^ upp^r and lower portions. 305a and 305b, of the shoe. 
In a prefsned embodiment, the inside diameter of the unfolded intemnediiatB portion 
305b of the shoe 305 is substentiaHy equal to or greater than the inside diameter of the 
preexisting casing 305 in order to optimize the formation of a mooo-diameter weUbore 
casing. 

30 As illustrated in FIG. 1 6, in a prefened embodiment, the expansion cone 205 is 

then lowered into the unfolded intemnedlate portion 305b of the stioe 305. In a 
preferred embiodiment. the expansion cone 205 Is lowered into the unfolded 
intemrtediate portion 305b of the shoe 305 until the bottorh d the expansion cone is 
proximate the lower portion 305c of the shoe 305. In a preferred embodiment, during 

35 the lowering of the expaf»ton cone 205 into the unfolded intemtediate portion 305b of 
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the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 in 
a sut)stantialiy stationary position. 

As illustrated in FIG. 17 Jn a prefenBd emtxxliment, the outside diameter of the 
expansion cone 205 Is then increased. In a prefenBd emtxxJinfient, the outside 
5 diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348.095, and/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a preferred embodiment, the outside dianneter of the radially expanded 
expansion cone 205 is sui)stantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

10 In an alternative embodiment, the expansion cone 205 Is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another altematiye embodiment the expansion cone 205 Is not radially 

15 expanded. 

As illustrated in FIG. 18, In a preferred embodiment^ a fluidic material 275 is 
then ir^edad Into the region 31 5 through the fluid passages 225a and 20Sa, In a 
praferred embocfiment, once the interior region 315 becomes sufRdefitly pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plasticaHy deformed, radially expanded, and extruded off of the expansion cone 205. 
Furtherniora, in a prafened embodiment, during the end of the fBxM expansion 
process, the upper portion 210d the tubular member and the lower portion of the 
premdsting casing 115 that overlap wKh one another are rimuNaneously plastically 
deformed and radially expanded. In this rvmnner. a niono^ianieter wellbore casing 

25 may be formed that includes the preexisting wellbore casbig 115 and the radierily 
expanded tubular merrriMr 210. 

During ttie extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular mismber 210. In a preferred embodiment, during tiie 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 21 0 is expanded In order to keep tiie tubular member 21 0 

stationary relative to the new wellbore section 130. In this manner, an overlapping Joint 
between the radially expanded tubular member 21 0 arxi the lower portion of the 
preexisting casing 115 may t)e optimally fonned. In an altemative preferred 
embodiment, the expansion cone 205 is maintained in a stationary position during the 

35 extrusion process thereby allowing the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a preferred emt>odinrient, when the upper end portion 21 Od of the tubular 
noember 210 and the lower portion of the preewsting casing 115 that overlap with one 
5 another are plasticaity detbmned and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support nnember 225. 

The overlapping joint between the lower portion of the preexisting casing 1 1 5 
10 and the radially expanded tubular merrAer 210 preferably provides a gaseous and 
fluidic seal. In a particularly preferred embodiment the sealing niembers 245 optimally 
provide a fluMIc and gaseous seal in ttie overiappng joint in an alternative 
embodiment the sealing members 245 are ornltted. 

In a preferred embodiment, the operating pressure and flqw rata of the flaidic 
15 materM 275 is contrdlably ramped down when ttie expansion oone 205 reaches the 
upper end portion 210d of ttie tubular member 210. in ttils nnanner, the sudden release 
of pressiro caused by the complete extnjston of ttie tubular member 210 off of ttie 
expansion oone 205 can be minimized, in a prefenned embodiment the operating 
pressure is reduoml in a substantially linear fashion from 100% to about 10% during 
20 . ttie end of ttie extmsion process beginning when ttie expansion a>ne 205 is^w^ 
about 5 feet from completion of ttie exbusion process. 

Alternatively, or In combination, ttie waH ttiidaiess of ttie upper end portion. 
210d of ttie tubular member is tapered in order to gradually reduce the required 
operating pressure for plasticaity deforming and radially expanding ttie upper end 
25 portion of ttie tubular member. In ttiis manner, shodc loading of the apparatus may be 
at least partially minimized. 

Altemativety, or in combination, a shock absort)er is provided in the support 
member 225 in order to absorb ttie shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
30 available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in ttie upper end portion 210d of ttie tubular member 210 in order to catch or 
at least decelerate the expanston oone 205. 

In a preferred embodiment ttie apparatus 200 is adapted to minimize tensile, 
35 burst and friction effects upon the tubular member 210 during the expansion process. 
These effects will be depend upon the geometry of the expansion oone 205, the 
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material composition of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular member 210, the wall thidcness of the tubular member 21 0, the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner dianwter, and the greater the yield 
S strength of the tubular member 210, then the greater the operating pressures required 
to extnKle the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 21 0, the extrusion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior regton 230 
reaches, for example, approximately 500 to 9,000 psi. 
10 During the extrusion process, the expansiori cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 n^sec. in a preferred embodiment, during ttie extrusion process, the expanston 
cone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 ft/sec in order to mbilnfize the time required for the expansion 
15 process while also permittihg easy oontrol of the expansion process. 

As Hlustrated in FIG. 19. once the extrusion process is completed, the 
expanskxi cone 205 is removed from the wellbore 100. in a preferred embodiment, 
either before or after the removal of the expanskm oone 205, the Integrity of the fluldk: 
seal of the overlapping Joint between the upper end portton 210d of the tubular member 
20 21 0 and the tower end portkin 11 5a of the preexisting wellbore cdsing 1 1 5 is tested 
using oonventkmal methods. 

In a preferred embodiment, if the fluidic seal of the overlapping Joint between 
the upper end portton 210d of the tubular nierrtber 210 and the tower md portion 1 15a 
of the casing 1 1 5 is satisbdory , then any uncured portton <rf the material 255 within the 
25 expanded tubular nnember 210 is then renrxsved In a conventional manner such as, for 
exarnple, circulating the uncured material out of the Interior of tt^ expanded tubular 
rfmTti)er 210. The expansion oone 205 is ttien pulled out of the wellbore section 1 3d 
and a drill bit or mili is used in combination with a conventional drilling assembly to drill 
out any hardened material 255 within ttie tubular member 21 0. In a preferred 
30 embodiment, ttie material 255 within the annular region 260 is tiien allowed to fully 
cure. 

As illustrated In FIG. 20, ttie hotter portion 305c of the shoe 305 may ttien be 
removed by drilling out ttie bottom portion of ttie shoe using conventional drilling 
mettiods. The wellbore 100 may tiien be extended In a conventional manner using a 
35 conventtonal drilling assembly. In a prefenned embodiment, ttie Inside diameter of ttie 
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extended portion of the wellbore is greater tluin the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfomned In order to provide a 
mono^iameter welltx>re casing that includes overlapping wetltxsre casings. The 

5 overlapping wellbore casing preferably indude outer annular layers of fluidic sealing 
material. Alternatively, the outer annular layers of fluidic sealing material may be 
omitted. In this nranner, a nionoKliameter wellbore casirignriay be formed within the 
subterranean formation that extends for tens of thousands of feet More generally still, 
the teachings of FIGS. 12-20 may be used to fbnn a mono-diameter weilbore casing, a 

10 pipeline, a structural support or a tunnel within a subterranean formation at any 
orientation from the vertical to the hoftEontal. 

In a prefenred embodiment ItM fbnnriatkm of a morio-dianietBr wellbore casing. 

as illustrated in RGS. 12-20. Is further provided as disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09M54,139. atlom^ dock^ no. 

15 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 
attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350. attorney docket na 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
appltoation serial no. 09/440.338. attorney docket no. 25791 .9.02. filed on 11/15/1999. 
(5) U.S. patent applteation serial na 09/523,460. attorney docket no. 25791 .1 1 .02. filed 

20 on WlO/2000. (6) U.S. patent applkatton serial no. 09/512.895. attorney docket no, 
25791 .12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09^1 1 .941 . 
attorney docket no. 25791 .16.02. filed on 2/24/2000. (8) U.S. patent applteation serial 
no. 09/588.946. attorney docket no. 25791.17.02. fited on 6/7/2000. (9) U.S. patent 
applteation serial no. 09/559.122, attorney docket no. 25791 .23.02, filed on 4/26/2000, 

2S (10) PCT patent application serial no. PCT/USOQ/18635, attorney docket no, 
25791.25.02, filed on 7/9/2000, (11) U.S. proviskMiai patent application serial no. 
60/162,671, attorney docket no. 25791 .27, filed on 11/1/1999, (12) U.S. provistonai 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 

30 docket no. 25791.34, filed on 10/12/1999. (14) U.S. prewisional patent application serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791 .37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attorney 
docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provistonai patent application serial 

35 no. 60/165.228. attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 

provistonai patent application serial no. 60/221.443. attomey docket no. 25791 .45. filed 
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on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attonr>ey docket no. 25791.47, filed on 9/18/2000, (21) U.S. provisional 
patent application serial no. 60/237,334, attoniey docket no. 25791.48, filed on 

5 10/2^000, and (22) U.S. provisional patent applicatk>n serial no. 60/262,434, attorney 
docket no. 25791.51, filed on 1/17/2001, the disck>sures of which are incorporated 
herein by reference. 

In several alternative embodiments, the apparatus 200 and 300 are used to 
form and/or repair wellt)ore casings, pipelines, and/or structural supports. 

1 0 In several alternative embodiments, the folded geometries of the shoes 21 5 and 

305 are provMed in accordance with the teiadhings of U.S. Patent Hos. 5,425,559 
and/or 5,794,702, the disclosures of which are incorporated herein by reference. 

An apparatus for forming a wellbore casing in a borehole located In a 
subterranean fbrmation induding a preexisting wellbore casing has been described that 

15 includes a support member including a first fluid passage, an mpansion cone coupled 
to the support member Including a second fluid passagis fluMidy coupled to the first 
fluM passage, an expandable tubular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a prefsned 
enribodiment, the expansion cone Is expandable. In a preferred embodiment, the 

20 expandable shoe indiides a valveable fluid passage for oontnoliing the flow of fluldic 
materials out of the expandable shoe. Ini a preferred embodiment, the mpandable 
shoe bfidudes: an expandable portion and a rennaining portton, wherein flie outer 
drcumfsrenoe of the expandable portton Is greater than the outer drcumferenoe of the 
remaining portton. In a preferred embodiment, the expandable portton ihdudes: one or 

25 more inward fdds. In a preferred embodiment the expandable portion indudes: one or 
more corrugations, in a preferred embodiment, the expandable shoe indudes: one or 
more inward fdds. In a preferred embodirnent. the expandable shoe indudes: one or 
more corrugations. 

A shoe has also been described that indudes an upper annular portion, an 
30 intermediate annular portion, and a lower annular portion, wherein the intermediate 
annular portion has an outer drcumferenoe that is larger than the outer drcumferences 
of the upper and lower annular portions. In a preferred embodiment, the tower annular 
portion indudes a valveable fluid passage for controlling the flow of fluldic nnaterials out 
of the shoe. In a prefenred embodiment the intermediate portion indudes one or more 
35 inward folds. In a preferred embodiment the Intermediate portion indudes one or more 
cormgaUons. 
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A method of forming a wellbore casing in a subten^nean formation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 
5 shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. In a prefened embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodlnnient the method fiffther includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 prefened embodiment, the method further indudes.radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic nnatertal into the borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
includes injecting a hardenable fluidic seating material Into an annulus between the 
tubular liner and the borehole^ In a preferred enibodiment, the method further indudes 

15 radially expanding at least a portion of the preexisting wellbore casing. In a prefened 
embodiment, the method further indudes overiai^ping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing. In a prefaned 
embodiment the inside diametar of the radially expanded tubular liner is substantially 
equal to the inside diameter of a nonoveriapping portion of the preexisting wellbore 

20 casing. In a preferred embodiment, the method further indudes applying an axial force 
to the expansion cone, in a preferred embodiment, the inside diameter of the radifiily 
expanded shoe is greater than or equal to the inside diameter of the rexiially expanded 
tubular liner. 

An apparatus for forming a wellbore casing in a subtenanean formation having 
25 a preexisting wellbore casing positioned in a borehole has also been described that 
indudes means for instelling a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a prefened embodiment, the 
apparatus further indudes means for radially expanding the expansion cone. In a 
30 preferred embodiment, the apparatus further indudes means for lowering the 

expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion oone. in a preferred embodiment the apparatus further 
indudes means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. In a preferred emixxiiment the apparatus further indudes 
35 means for injecting a hardenable fluidic seafing material Into an annulus between the 
tubular iine^ and the borehole. In a preferred embodiment, tiie apparatus further 
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includes means for radially expanding at least a portion of the pree^stihg wellbore 
casing. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially exparKled tubular liner with a portion of the 
preexisting wellbore casing. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a prefenned embodiment, the Inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for fonning a wellbore casing within a subterranean formation 
including a pree)dsting wellbore casing positioned in a borehole h^ also been 
described that includes a tubular nner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting wellbbre casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 
diameter of a non-overlapping portion of the preexisting wellbore casing. 

A wellbore casing positioned in a boiehoie wittiin a subterranean formation has 
also been described ttiat includes a first welibore casing and a second weilbora casing 
coupled to and overtapping vOh the first welibore casing, wherein flie second wellbore 
casing is coupled to the first wellbore casing by the process of: Installing the second 
wellbore casing, an expansion cone, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into ttie shoe, and radially 
expanding at least a portion of the second welibore casing by injecting a fluidic material 
into the borehole below ttie expansion cone. In a preferred embodiment, ttie process 
for fbnming the weilbore casing further includes radially expanding tt>e expansion cone. 
In a preferred embodiment, ttie process for fbmning ttie wellbore casing furttier includes 
lowering ttie expansion cone into ttie radially expanded portion of ttie shoe, and radially 
expanding the expansion cone. In a preferred embodiment ttie process for foitning the 
wellbore casing further includes radially expanding at least a portion of ttie shoe and 
the second wellbore casing by injecting a fluidic material Into ttie borehole below the 
radially expanded expansion cone. In a preferred embodiment, ttie process for forming 
the wellbore casing further Includes Injecting a hardenable fluidic sealing notorial Into 
an annulus between the second wellbore casing and ttie borehole. In a preferred 
embodiment, the process for forming ttie wellbore casing furttier includes radially 
expanding at least a portion of ttie first wellbore casing. In a prefened embodiment, 
the process for forming ttie wellbore casing fuither includes overlapping a portion of ttie 
radially expanded second wellbore casing wtth a portion of ttie first weilbore casing. In 



26 



a preferred embodiment, the inside diameter of the radially expanded second weilbore 
casing is substantially equal to the inside diameter of a nonoveriapping portion of the 
first weilbore casing. In a preferred embodiment, the process for forming Vhe weilbore 
casing further includes applying an axial fc»t:e to the expansion cone. In a prefenned 

5 embodiment, the Inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second weilbore casing. 

A method of fomning a tubular structure In a subt^ranean fomiation having a 
preexisting tubular member positioned in a borehole has also been described that 
includes installing a tubular linen an expansion cone, and a shoe in the borehole. 

10 radially expanding at least a portion of the shoe by injecting a fluMic material into the 
shoe, and radially expanding at least a portion of the tubular liner by Injecting a fluidic 
material Into the borehole below the expansion cone. In a prefened embodiment, the 
method ftjrther Includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the rakJIaliy 

IS expanded portion of the shoe, and radially expanding the expansion oone. In a 

preferred embodiment, the method further Includes radially epcpanding at least a portkm 
of the shoe and the tubular liner by Injecting a fluidic material into the borehole below 
the Filially expanded expansion cone. In a prdfemed embodiment, the method further 
Includes Injecting a harderad>le flulcHc sealing material into an annuius between the 

20 tubular liner and the borrtiole. In a prefennekl embodiment, the method further includes 
radially expandlrig at least a portion of the preexisting tubular member. In a preferred 
embodiment, the method further includes overiapping a portion of the radialiy 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodiment, the inside diameter of the radially expand^ tubular liner Is substantially 

25 equal to the inside diameter of a nonoveriapping portioh of the preexisting tubular 
nr)emt>er. In a prefenned errtbodiment the method further indud^ applying an axial 
force to the expansion oone. in a prefened embodiment, the Inside diameter of the 
radially expanded shoe is greater than or equal to the tnskle diameter of the radially 
expanded tubular liner. 

. 30 An apparatus for forming a tubular structure in a subterranean fbmrmtion having 

a preexisting tubular mentt)er posittoned In a tx>rehole has also been described that 
. includes means for instelling a tubular liner, an expansion cone, and a shoe in the 
t>orehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a prefened embodinteht, the 

35 apparatus further includes means for radially expanding the expansion cone. In a 
preferred embodiment, the apparatus further includes means for lowering the 
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0xpansion cone into the radially expanded portion of the shoe, arid means for radially 
exparKling the expansion cone. In a preferred embodiment, the apparatus further 
Includes nrieans for injecting a fluidic material into the tK>rehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further includes 

S means for injecting a hardenable fluidic sealing material Into an annulus between the 
tubuteir liner and the borehole. In a prefen^d embodiment the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubular 
member. In a prefenBd embodiment, the apparatus further Includes means for 
overiapping a portion of the. radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular member. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the iriside diameter of the radially expanded shoe is greater 

15 than or equal to the inside diarneter of the radially exparKiedtu^ 

An apparatus Ibrlorming a tubular structure within a subterranean formation 
including a preexisting fadiular member positioned ifi a borehole has also, been 
described that includes a tubular Hner and rnear^ for radially expanding and coupling 
the tubular Inm* to an overlapping portion of the preexisting tubular member. The 

20 Inside diameter of the radially expanded tubular liner is substantially equal to the inside 
diameter of a non-overlapping portion of the preexisting tubular meml)er. 

A tubular structure positioned in a borehole within a subtenranean formation has 
also been described that Includes a first tubular member and a second tubular member 
coupled to and overiapping with the first tubular merhtier. wherein the second tubular 

25 member Is coupled to the first tubular nrnnber by the process of: instaliirig the second 
tubular member, an expansion corie, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second tubular member by injecting a fiuidic material 
into the borehole below the expansion cone. In a preferred emtx>diment, the process 

30 for forming the tubular structure further Includes radially expanding the expansion cone. 
In a preferred embodiment, the process for forming the tubular structure further 
includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion cone. In a preferred emtxxliment, the process 
for fbnnlng the tubular structure further includes radially expanding at least a portion of 

35 the shoe and the second tubular member by injecting a fluidic material into the 

borehole beiow the radially expanded expansion cone. In a prefenned embodiment, the 
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process for forming the tubular structure further includes injecting a hardenable fluldic 
sealing material into an annulus between the second tubular member and the borehole. 
In a prefenwl embodiment, the process for fonming the tubular structure further 
Includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for forming the tubular structure further includes overlapping 
a portion of the radially expanded seicond tubular member with a portion of the first 
tubular member. In a preferred embodiment the inside diameter of the radially 
expanded second tubular member is substantially equal to the Inside diameter of a 
nonoveriapping portion of the first tubular member. In a prefened embodiment, the 

1 0 process for forming the tubular structure further includes applying an a)dal force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe ia greater than or equal to the inside diameter of the radially expanded 
second tubular member; 

Although Illustrative embodiments of the invention have been shown and 

15 described, a wide range of modificatloh, changes and substitution is contemplated In 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a oorresponding use of the other features. Acoordingly. it is 
approprialB that the appended daims be construed broadly and in a manner consistent 
with the scope of the invention. 
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CLAIMS 

1. A shoe, comprising: 

an upper annular portion; 

an Intemnediate annular portion coupled to ttie upper annular portion; and 
5 a lower annular portion coupled to the intermediate portion; 

wherein the inteimediate annular portion has an outer drcumference that is 
larger than the outer drounrfeiences of the upper and lower annular portions. 

2. The shoe of dalm 1 , wherein the lower annular portion indudes a valveable fluid 
1 0 passage for oontroiling the flow of fluidic materials out of the shoe. 

3. The shoe of dahn 1, wherein the bitermediate portion indudes: 
one or more inward folds. 

15 4. The shoe of daimi, wherein the Intemradiate portion indudes: 
. pnecrmorecomigatlons. 

5. A shoe, comprising: 

an upper annidar portion; 
20 an intennediate annular portion coupled to the upper annular portion bwiuding 

one or more inward folds; and 

a lower annular portion coupled to the Intennediate portion induding a 
valveable fluid passage for controlling the flow of fluidic materials out of the shoe; 
wherein the interrnediate annular portion has an outer drciinilerenoe that is 
25 larger than the outer drcumfersnoes of the upper and lower annular portions. 
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Claims 



1 . An apparatus for forming a wellbore casing in a borehole located In a 
subtenBnean fomiation including a preexisting wellbore casing, comprising: 



an expansion cone coupled to the support member including a second fluid 

passage fluidiciy coupled to the first fluid passage; 
an expandable tubular liner nnovably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 



10 

2. The apparatus of daim 1, wherein the expansion cone Is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe indudes a valveable fluid 
passage for a)ntrdllng the flow of fluidic nriaterials out of the 

15 

4. The apparatus of daim 1 , wherein the expandable shoe indudes: 



an mpandable portion; and 

a remaining portion coupled to the expandable portion; 

wherein the outer drcumference of the expandable portion Is greater than the 



S. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more inward fdds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more conrugations. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward fdds. 
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a support member induding a first fluid passage; 
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outer drcunriferenoe of the remaining portion. 
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8. 



The apparatus of daim 1, wherein the expandable shoe indudes: 
one or more oonrugations. 
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9. 



A shoe, comprising: 
an upper annular portiori; 

an intermediate annular portion coupled to the upper annular portion; and 



31 

a tower annular portion coupled to the Intermediate portion; 

wherein the intermediate annular portion has an outer circumference that is 

larger than the outer circunfiferences of the upper and tower annular 

portions. 

5 

10. The shoe of daim 9, wherein the lower annular portion includes a valveable fluid 
passage for contnoHing the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intermediate portion tndudes: 
10 one or more Inward folds. 

12. The shoe of daim 9, wherein the intermediate portion Indudes: 
one ormore oomigatiof^. 

15 13. A method of forming a welltxm casing In a subterranean formation having a 
preexisting wellt)ore ca^ng positioned in a borehole, oomprteing: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
naKlially expanding at least a portion of the shoe tv injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expansion cone. 

14. The method of daim 13, further oon^rteing: 
radially expanding the mpansion cone. 

25 

1 5. The n)ethod of daim 1 3, further comprising: 

Idwering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion oone. 

30 16. The method of daim 1 5, further comprising: 

radially expanding at least a portion of the shoe and the fajbuiar liner by injecting 
a fluidic material into the t)orehde below the radially expanded 
expansion cone. 



35 17. The method of daim 1 3, further comprising: 
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injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

18. Themethodofdaim 13, further comprising: 

5 radially expandirig at least a portion of the preexisting wellbore casing. 

1 9. The method of daim 1 8, further comprising: 

overiapptng a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 19, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the Inside diameter of a 
nonoveriapping portion of the pree)d8tlng wellbpre casing^ 

15 21. Themethodofdaim 18, further comprising: 
applying an mdal force to thai expansion cone. 

22. The m^hod of daim 13, wherein the inside diameter of the radially expanded 
shoe \s greater than or substantially equal to the inside diameter of the radially 

20 expanded tubuiar liner 

23. An flf)paratus for formir^ a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for installing a tubular liner, an exparislon oone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by Injecting a 

fluidic material into the borehole below the expansion cone. 

30 . 

24. The apparatus of daim 23, further comprising: 
means for radially expanding the expansion cone. 

25. The apparatus of daim 23, further comprising: 

35 means for lowering the expansion cone into the radially expanded portion of the 

shoe; and 
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means for radially expandlnjs the expansion cone. 
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26. The apparatus of claim 25, further comprising: 
means for injecting a fluidic material Into the borehole below the radiially 

expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 
means for injecting a hardenable fluidic sealing material into an annulus 

between the tubular liner and the borehole. 

28. The apparatus of dalm 23, further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 

15 29. The apparatus of daim 2B, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion of the preexbting wellbore casing. 

30. The apparatus of daim 29, wherein the inside cHameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonovertapping portion of 
the preexisting wellbore casing. 
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31. The apparatus of daim 28, ftirttier comprising: 
means for applying an axial force to ttie expansion cone. 

32. The apparatus of claim 23, wherein the Inside diameter of the radially expanded 
shoe is greater than or substantially equal to ttie insMe diameter of ttie radially 
expanded tubular liner. 



30 33. An apparatus for forming a wellbore casing within a subterranean formation 
induding a preexisting wellbore casing positioned in a borehole, comprising: 
a tubular liner, and 

means for radially expanding and coupling the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 



34 



wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter <rf a non-overlapping portion of 
the preexisting wellbore casing. 

34. A wellbore casing positioned in a borehole within a subterranean fomration. 
comprising: 

a first wellbore ca»ng; and 

a second wellbore casing coupled to and overtapping with the first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
the process of: 

instaiiing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expaiKling at least a portion of the shoe injecting a fluidic 

material into the shoe; and 
iBdialiy expanding at least a portion of the second welibore casing by 
ir\jecting a fluidic material into the borehole below the expansion 
cone. 

35. The wellbore casing of daim 34. wherein the process further convrises: 
radially expaiiding the expansion cone. 

36. The welBwre casing of daim 34. wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding ttie expansion cone. 

37. The wellbore casing of daim 38, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 

38. The wellbore casing of daim 34. wherein the process furttier comprises: 
injecting a hardenable fluidic sealirig material Into an annulus between the 

second wellbore casing and the borehole. 

39. The weHboie casing of daim 34. wherein the process further comprises: 
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radially expanding at least a portion of the first weiibore. casing. 



40. The weillx>re casing of dalm 39, wherein the process further comprises: 

overlapping a portion of the radially expanded second weliiwre casing with a 
5 portion of the first weObore casing. 

41 . The welll)ore casing of daim 40. wherein the inside dianfwter of the radially 
expanded second weiltwre casing is sut>stantially equal to the inside diameter of a 
nonoverlapping portion of the first weiibore casing. 

10 

42. The weiibore casing of daim 39. wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. Thewellborecasingofdalm34,whiareintheinsidediameteroftheradiany 
15 a(panded shoe is greater than crsubsMaily equal to the inside diameter cf the 

rediaiiy expanded second weiibore casing. 

44. A rnethod of fbnning a tubular structure in a sutyterianeanfbnnationhav^ 
pfB«dsting tubular member posiUoned in a borehole, comprising: 

20 installing a tubular liner, m expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe liy injecting a fiuidic material 
into the shoe; and 

radtally expanding at least a portion of the tubular liner by ir^jecting a fluidlc 
nrateiiai into the borehole below the expansion cone. 

25 

45. The method of daim 44, further comprising: 
radially expanding the expansion oone. 

46. The method of dalm 44, further comprising: 

30 lowering the expansion cone into the radially expanded portion of the shoe; and 

radially expanding the expansion cone. 

47. The method of dalm 46. further comfwising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radially expanded 

expansion cone. 
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48. 



The method of daim 44, further comprising: 

injectirTg a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 



5 



49. 



The method of daim 44, further comprising: 

radially exparKiing at least a portion of the preexisting tubular member. 
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50. 



The method (rf daim 49, further comprising: 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing hterfaoe and a 
fluidic seal. 



51 . The method of daim 50, wherein the inside diarnet^ of the radialiy expanded 
1 5 tubular liner Is substantiaiiy equal to the inside diameter of a nonovertappir^ portion of 



53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe IS greater than or substantiaiiy equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for forming a tubular structure in a subterranean fbnmation having a 
preexisting tubular member positioned in a tK>rehole, comprising: 

means for installing a tubularliner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 nr^ns for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 



the preexisting tubular member. 



52. 



The method of daim 49, further comprising: 
applying ah axial force to the expansion cone; 



20 



means for radially expanding the expansion cone. 



35 56. The apparatus of daim 54, further oomprteing: 



37 . 

means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

nneans for radially expanding the expansion cone. 

5 57. The apparatus of claim 56, further comprising: 

nneans for injecting a fluidic material into the tx>rehole below the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 

1 0 nneans for injecfing a hardenable fluidic sealing ntaterial Into an annulus 

between the tubular Nner and the borehole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 memt)er. 

60. The apparatus of daim 59. further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearfrig 
20 Interface and a fluidic sesfl. 

61. The apparatus of daim 60, wherein the Inside diameter of the radially expanded 
tubular liner is substanfially equal to the inside diameter of a nonoverlapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59. further comprising: 

means fbrappiying an axial force to the expansion oone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe is greater than or substantifidly equal to the inside dianrteter of the rad'»^^ 

expanded tubular liner. 
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64. An apparatus for forming a tubular structure within a subterFar>ean formation 
Including a prmxisting tubular member positioned in a borehole, comprising: 
a tubular linen ar)d . 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular member; 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overiap|Mng portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean fomoation, 
comprising: 

a first tubular memben and 

a second tubular member coupled to and overlapping with the first tubular 
nnember; 

wherein the second tubularmember is coupled to the first tubular menfri)6r by 
file process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular me^ 

injecting a fluidic material into the borehole b^cw the expansion 

cone. 

66. The tubular structure of daim 65, wherein the process ftjrther comprises: 

radially depending the expansion cone. 

67. The tubular structure of daim 65. wherein the process further comprises: 

lowering the expanston cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by injecting a fluidic material Into the borehole below the radially 
expanded expansion cone. 



The tubular structure of daim 65, wherein the process further comprises: 
irijecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70. The tubular stojcture of daim 65. wherein the process further comprises: 
radially expanding at least a portion of the first tubular member, 

5 71 . The tubular stmcture of daim 70, wherein the process further comprises: 

overiapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tutwlarslructure ofdaim 71, wherein the inside dlaTO^ 

10 expanded second tubularmember is substantially equal to the inside dianneter of a 
nonoveriapping portim of the first tubular member. 

73. The tubular stnjGluiB of daim 70, wherein the process furth^ 

applying an axial foroe to the expansion cone. 

15 

74. The tubular structure of daim 65, wherein the inside diameter 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially e^^Mnded second tubular member. 

20 75. An apparatus for fomning a wellbors casing in a borehole located in a 
subterranean formation induding a preexisting welibore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expansion cons coupled to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an expandable tubular liner movably coupled to the expansion cone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a vatveable fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a rwnaining portion coupled to the expandable portion; 

whersin the outer drcumference of the expandable portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion induding 

one or nrKxe Inward folds; and 
a lower annular portion coupled to the intermediate portion Induding a 

valveable fluid passajge for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intermediate annular portion has an outer drcumference thiat is 

larger than the outer drcumferences of the upper and lower annular 

portions. 

10 77. A method of forming a wellbore casing in a subterranean formation ha^ng a 
preexisting welltxm casing positioned In a borehole, comprising: 

installing a tubular 6ner, an expansion oone, and a shoe In the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

IS lowering the expansion cone into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular Uner by injecting a fluidic 
material Into the bcmhole below the expansion cone; and 

overiapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting welRx)rs casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular liner, and 

wherein the inside diameter of the radially expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nonoveriapping 

portion of the preexisting wellbore casbfig. 

78. An apparatus for forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for Installing a tubular liner, an expansion cone, and a shoe In the 

borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
means for lowering the expansion cone Into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion oone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluidic material Into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the preexisting wellbore 
casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the Inside diameter of the radially expanded shoe Is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

79. A wellbore casing positioned in a borehole within a subterranean formation, 
comprising^ 

a first wellbore casing; and 

a second wellbore casing coupled to and overiapping with the flrist wellbore 
casing; 

wherein the second weiibore casing is coupled to the first wellbore casing by 
the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 

shioe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material into the borehole below the radially 
expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second wellbore casing; and 

wherein the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the inside diameter of a 
nonoverlapping portion of the first wellbore casing. 

80. A method of fonmlng a tubular structure in a subterranean formation having a 
preexisting tubular member, positioned In a borehole, comprising: 

installing a tubular finer, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
Into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion bone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
nraterial Into the borehole below the radially expanded wpanslon cone; 
and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 

substantiaily equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the Inside diameter of the radially expanded tutxilar liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

81 . An apparatus for forming a tubular structure in a subtenanean fbnmation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
shoe; 

means for radially expanding the expahdon cone; 

means for radially expanding at least a portion of the tubular liner, and 
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means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
5 substaritially equal to the inside diameter of the radially expanded 

tubular Gner, and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member. 

10 

82. A tubular structure positioned in a borehole within a subtenranean forrhation, 
comprising: 

a first tutxjiar member, and 

a secorid tubular member coupled to and overiapping wi^ 
15 memt)er, 

wherein the second tubular member coupled to the first tutnjlar memtier by 
the process oft 

installing the second tubular mernber, an expansion cone, and a 
the borehole; 

20 radially expanding at least a portion of the shoe by injecting a fluidic 

rraterial into the shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

ir^ecHng a fluidic material into the borehole below the radially 
expanded expansion cone; and 
overlapping a porUon of the radially expanded second tubular member 
with a portion of the first tubular member; 
30 wherein the inside diameter of the radially expanded shoe is greater 

thari or substantially equal to the inside diameter of the radially 
expanded second tubular member, and 
wherein the inside diameter of the radially expanded second tubular 
member is substantially equal to the triside diameter of a 
35 nonoveriapping portion of the first tubular member. 
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